BACKGROUND: Non-high-density lipoprotein (HDL) cholesterol is recommended as a secondary lipid goal treated initially with lifestyle modification. However, the relationship between non-HDL and subclinical atherosclerosis is unknown. We examined the independent relationships between coronary artery calcium (CAC), lipids including non-HDL, exercise, and diet among healthy male participants of the Prospective Army Coronary Calcium (PACC) Project.
Increased levels of non-high density lipoprotein cholesterol (HDL-C) independently predict cardiovascular outcomes. 1, 2 The relationship between non-HDL-C and cardiovascular outcomes suggests that non-HDL-C should be related to levels of subclinical atherosclerosis; however, the available data are unclear. Moreover, concordant with recommendations from the National Cholesterol Education Program, which recommends treatment of non-HDL as a secondary lipid goal initially through lifestyle modification, including diet and exercise, 3 such analyses should be adjusted for lifestyle factors that themselves may be associated with subclinical atherosclerosis. [4] [5] [6] [7] To better understand the relationships between non-HDL-C and subclinical atherosclerosis with the use of coronary artery calcium (CAC) as an early marker of atherosclerotic risk, we examined the independent relationship between CAC and lipids, including non-HDL-C, in addition to exercise and diet among healthy male participants of the Prospective Army Coronary Calcium (PACC) Project.
Methods
The methods of the PACC project have been previously published. 8 To summarize briefy, all active-duty Army personnel, ages 40 to 50 years and stationed within the National Capital Area of the Walter Reed Health Care System, were recruited at the time of a periodic, Armymandated physical examination. Individuals with a history of coronary heart disease (CHD), or who indicated a history of angina pectoris by the Rose questionnaire, 9 were ineligible. Between October 26, 1998 and February 19, 2003, 2259 eligible individuals were screened, and 2000 men and women provided written informed consent to undergo electron beam computed tomography (EBCT) and the cardiovascular risk-screening program. Among enrolled subjects, 1640 were men, of whom 1639 completed the calcium scan and form the basis of this report. Women participants of the PACC Project were not included in this analysis because of their smaller sample size and their low prevalence of CAC.
Each participant provided details of their medical history, lifestyle behaviors, and psychosocial history. Ethnicity was self-reported. Medical history included a history of hypertension, diabetes mellitus, hypercholesterolemia, and current medications. A family history of coronary heart disease included a history of sudden death, myocardial infarction, or coronary revascularization in a relative before the age of 55 (males) or 65 (females). 10 Family history data were collected separately for first-degree (parents, siblings, children) or second-degree (grandparents, aunts, uncles) relatives.
Resting blood pressure was measured with an automated sphygmomanometer and was recorded as the average of three measurements taken 5 minutes apart with the subject sitting. Hypertension was defined as either a systolic blood pressure of .135 mm Hg, a diastolic blood pressure of .85 mm Hg, 11 or a history of hypertension (treated or untreated). Height and weight were measured, and body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). Waist girth was measured as the maximum abdominal circumference between the iliac crest and umbilicus. The metabolic syndrome was classified according to the recommendations of the National Cholesterol Education Program.
Fasting blood was collected for the measurement of total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride cholesterol (TG-C), serum glucose, and hemoglobin A1C. LDL-C was measured with a direct assay and non-HDL-C was calculated as total cholesterol-HDL-C. The predicted 10-year Framingham risk score for incident coronary heart disease was calculated by the use of measured risk factor variables as specified within regression equations from the Framingham Heart Study. 12 Lifestyle history included tobacco use, dietary intake, and exercise activity. Smoking was self-reported as current, recent (within 6 months) or remote (. 6 months) use of any inhaled tobacco products, except for intermittent cigar consumption. A high fat diet was defined as $48 on the MEDFICTS dietary questionnaire (added during the course of the study, (n 5 947). 13 Participants with and without available MEDFICTS dietary questionnaires had similar cardiovascular risk factor levels (data not shown). The Baecke Sports Index was used to evaluate exercise habits 14, 15 on the basis of a previous analysis in which we showed this to be the only component of the habitual physical activity index that correlated with other biometric variables. 4 EBCT was performed with an Imatron C-150 scanner. Images were obtained with a 40-to 50-slice (3-mm thickness) protocol with image acquisition gated to 60% to 80% of the electrocardiographic RR interval while respirations were held. Scans were interpreted in a blinded manner using the Agatston scoring method. 16 A focus of coronary calcium was defined as the presence of 4 or more contiguous pixels with .130 Hounsfield units. A total CAC score was determined from the sum of individual scores of the 4 major epicardial coronary arteries. A scan was considered positive for CAC when the total CAC score was .0.
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Statistical analysis
Risk factor comparisons were performed between patients with and without CAC by the use of a threshold value of any detectable coronary calcium (CAC score . 0). Continuous variables were expressed as the mean 6 1 SD and were compared using a t-test for independent groups. Categorical variables were expressed as frequencies and percentages and were compared with the c 2 test or Fisher's exact test where appropriate. Risk variables not showing a normal distribution were log transformed for use in any linear model or hypothesis testing. The relationships between cardiovascular risk variables and CAC were compared with a logistic regression analysis. Risk factor variables with a univariate relationship (P # .20) to CAC were entered into the model (block entry). All analyses were performed using SPSS for Windows (v 16; Chicago, IL). A 2-tailed P value of P , .05 was considered significant.
Results
The demographic and descriptive characteristics of the 1639 participants included in this analysis are shown in Table 1 . The study population was 71.7% white, 17.9% black, 6.3% Hispanic, and 1.5% were Asian. The mean age was 42.9 6 2.7 years. The most prevalent cardiac risk factors included a family history of CHD in either a first-or second-degree relative (31.9%) and hypertension (30.9%). Current tobacco use was present in 8.5% of participants, and 6.7% of participants had the metabolic syndrome. There was a low prevalence of diabetes mellitus (1.2%). The mean 10-year Framingham risk score for CHD was 4.6 6 2.6%, with a range of 0.5% to 22%. CAC was detected in 22.4% of participants, with a mean CAC score of 20 6 111. Fasting lipid concentrations revealed mean LDL-C 128 6 32 mg/dL, HDL-C 50 6 13 mg/dL, TG-C 130 6 86 mg/dL, and non-HDL-C 154 6 37 mg/dL. The mean final sport index was 3.0 6 1.0 and the mean MED-FICTS score was 52 6 28.
Univariate associations with CAC are shown in Tables 2  and 3 . Men with CAC had significantly greater levels of total cholesterol (213 vs 202, P , .001), LDL-C (135 vs 127 mg/dL, P , .001), TG (148 vs 124 mg/dL, P , .001), and non-HDL-C (164 vs 151 mg/dL, P , .001). The presence of CAC was associated with a trend to lower HDL-C (49 vs 50 mg/dL, P 5 .06). Men with CAC reported less habitual physical activity (P 5 .006), and a trend to greater dietary fat intake (P 5 .12). However, among those with a CAC score greater than 0, the mean non-HDL-C was similar across quartiles of CAC severity.
Univariate comparisons across quartiles of increasing non-HDL-C (Table 4) showed a progressively greater proportion of subjects with prevalent coronary calcium and concomitantly with lower levels of physical activity (Fig. 1) . No statistical interaction for non-HDL and physical activity was identified within the association of these variables with CAC. Individuals with high levels of non-HDL also were more likely to have hypertension, a higher Framingham risk score, greater body mass index, and prevalent metabolic syndrome.
In a series of multivariable logistic regression models evaluating the independent relationships of cardiovascular risk variables with CAC (dependent variable), significant associations were found for non-HDL-C (odds ratio [OR] 1.012 per mg/dL; 95% confidence interval [95% CI] 1.002-1.023; P 5 .019) and age (OR 1.119 per year; 95% CI 1.063-1.178; P , .001). Serum concentrations of LDL-C and HDL-C were not found to be significant after adjusting for age and the full lipid profile. Exercise (OR 0.808; 95% CI 0.703-0.928; P 5 .003) was associated with the absence of CAC. A diet high in saturated fat was not independently associated with CAC. CAC, coronary artery calcium; CHD, coronary heart disease; EBCT, electron beam computed tomography.
Discussion
We examined the relationship between subclinical atherosclerosis in middle-aged men and non-HDL-C as a factor which predisposes individuals to heighted CHD risk. We found a significant association between serum concentrations of non-HDL-C and the incidence of coronary artery calcium. This association remained evident after controlling for LDL-C and HDL-C, in addition to other cardiovascular risk variables and behavioral variables such as exercise and dietary fat intake. These data support guideline recommendations on non-HDL-C cholesterol as a secondary target of lipid lowering therapy.
The authors of several previous studies have suggested an association between non-HDL cholesterol and subclinical atherosclerosis. Orakzai et al 19 studied men and women with a mean age of 53 years and showed univariate relationships between CAC and lipid variables including LDL-C, HDL-C, and non-HDL-C. However, similar to our study, only non-HDL-C was independently related to CAC. Simon et al 7 studied asymptomatic men and compared the associations of extracoronary plaque or a CAC score above 100 with lipid levels showing a stronger relationship between atherosclerosis and non-HDL-C than LDL-C. In contrast, a study by Allison et al 20 failed to find an independent relationship between extracoronary and coronary calcium and non-HDL-C after adjustment for cardiovascular risk factors. However, these studies generally controlled for standard cardiovascular risk factors in evaluating non-HDL-C, whereas diet and exercise variables modify non-HDL-C levels and subclinical atherosclerosis. Our study extends these previous studies by showing that, among lipid concentrations associated with cardiovascular risk, non-HDL-C, rather than LDL-C or HDL-C, was associated with CAC among multivariable models controlling for measured cardiovascular risk variables and behavioral variables. Although our study cannot be used to infer causality, non-HDL-C provides a measure of the concentration of the spectrum of atherogenic plasma lipoproteins containing apolipoprotein B, including LDL, IDL, lipoprotein(a), TG-rich remnants of VLDL, and chylomicrons. Guideline recommendations for the treatment of non-HDL cholesterol include therapeutic lifestyle changes, such as exercise and diet, when triglyceride concentrations are increased (.200 mg/dL). Thus, our study could suggest an opportunity to more broadly and primarily target non-HDL cholesterol as a component of lifetime cardiovascular risk, even among those without overt hypertriglyceridemia as a strategy to reduce the incidence and burden of coronary atherosclerosis.
We found that adjustment for diet and exercise attenuated but did not negate the associations of non-HDL-C with CAC and that exercise was associated with a lower prevalence of CAC. Studies have shown inconsistent findings between CAC and physical activity. In the MultiEthnic Study of Atherosclerosis (ie, MESA) study, a crosssectional analysis suggested that weekly levels of physical activity were not independently associated with the presence of subclinical atherosclerosis. 21 However, in a longitudinal study within the CARDIA cohort, cardiorespiratory fitness as measured by symptom-limited exercise treadmill test was associated with a reduced prevalence of CAC after 15 years. Findings from the MESA study also suggest that dietary quality, assessed by inflammatory markers, was associated with CAC. Our study examined dietary quality using a survey instrument designed to identify compliance with the American Heart Association recommendations for dietary fat intake. 6 Although total fat and saturated fat dietary intake are important components of a heart healthy diet, this score does not evaluate other aspects of dietary intake that may contribute to cardiovascular risk factors, such as total caloric intake.
Our study has limitations, including that this analysis included only men because of the limited sample of women enrolled in the PACC Project. In addition, our findings of an association between non-HDL and CAC, while plausible in the context of previous studies and the biologic relationship between apolipoprotein B particles and atherosclerosis, cannot be construed as creating a causal linkage. Finally, more data on the graded relationship between CAC severity and non-HDL-C would enhance our understanding of the relationships described in our study.
In conclusion, among asymptomatic low-risk, middleaged men, non-HDL-C and exercise independently predict the presence of CAC. Targeting non-HDL cholesterol even at lower triglyceride concentrations deserves further study as a method to treat atherosclerosis and its attendant cardiovascular risk. 
